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Non-invasive monitoring of cerebral tissue oxygenation in vivo

lritrorliictiori
Near infrared spectroscopy (n.i.r.s.) is a relatively new method for the non-invasive monitoring iri i i t~i of changes in the haemoglobin saturation level and the redox state of cytochrome rr(ii. the terminal enzyme of the respiratory chain [ 11. T h e n.i.r.s. method has previously been described [ 2. 31 , and the validity of the technique was demonstrated by studies on isolated organs and preliminary studies on the intact brain in vitv (rat and rabbit) 14, 51. T h e results presented here indicate that n.i.r.s. is a very sensitive indicator of changes in the oxygenation level of haemoglobin and of the redox state of cytochrome u r i i in the rat brain iri vitw.
Aheritil.s t i r i d r?ietIiods
T h e method o f n.i.r.s. 161 and instrumentation has been described previously [ 31. T h e system drift was less than 0.004 absorbance/h for all four laser diodes. T h e baseline variation was less than 4% of the signal induced by mild hypoxic changes and less than 2-3% for complcte oxygenation changes. Male adult rats (Wistarj. weight 300-600 g, were anaesthetized with fentanyl (0.07 mg) and Fluanisone (0.02 mg) intramuscularly, tracheotomized and artificially vcntilated 171.
Results previously described 14, 5. 81 were based o n the difference method of analysis; however, this does not provide information about changes in oxygenated haemoglobin. Fluorocarbon exchange transfusion studies [ 8. 91 are used in the method of quantification and separation of individual chromophores at each wavelength 17, 10;. Ahhreviotion used: i1.i.r.s.. near infrared spectroscopy.
Hes11 Its
Several series of rat cerebral transmission studies were performed including: ( u j oxygenation change without hypoxia occurring and with no effect on p H or carbon dioxide levels; ( h ) extreme hypoxia followed by recovery.
One of a series of rat cerebral transmission studies is described and shown (Fig. 1) . The rat was artificially ventilated with 100% oxygen and with a p07 of 398 and a pC.(), of 25 mmHg. The oxygen content of the ventilating gas was reduced to 21%) at which time the po. was 96 and p<- (,, 26 measurements ( Fig. 1 j showed a lag phase folcrease in the level of deoxyhaemoglobin and a simultaneous decrease in the level of oxyyhaemoglobin. The cyt uu, signal was unaffected. T h e animal was not hypoxic, the pH and pc o2 were unaltered and there was no affect on the cardiovascular parameters. T h e oxygen content was then increased to 1 OO%,; the n recordings showed an increase in the level of oxyhaemoglobin to a greater level than previously recorded with a simultaneous fall in the level of deoxyhaemoglobin and to a lower amount than initially. These results are consistent with a luxury perfusion. T h e po2 was determined to be 402 mmHg. T h e cerebral blood volume trace showed an increase on readministration of the 100%) oxygen, which is consistent with the luxury perfusion and increase in the level of oxyhaemoglobin to compensate for its previous reduction. T h e desaturation o f haemoglobin observed upon decreasing the oxygen from 1 OO'% to 2 1% could be due to the anaesthetic agents (since it would be expected to be saturated in air). T h e results are consistent with data presented o n the effect o f pentothal on the oxygenation level of haemoglbbin [ 1 11. This has been suggested t o be due t o a resetting of the equilibrium level of oxy/deoxyhaemoglobin. owing to a shift in the haemoglobin-oxygen dissociation curve.
In the second series of studies, extreme hypoxia was induced followed by recovery (Fig. 2) . Transmission studies were made on a rat head and the animal was ventilated with 100% oxygen, with a p O~ of 446 and p c o , of 19.4 mmHg. Measurements were made continuously before, during and after changing the ventilating gas to 100(% nitrogen, the deoxyhaemoglobin level rose rapidly and this was accompanied by a drop in the concentration of oxyhaemoglobin. When the level of deoxyhaemoglobin became relatively stable, the inspired gas was then changed to 2 1% oxygen; this resulted in a fall in the level of deoxyhaemoglobin and a simultaneous increase in the level of oxyhaemoglobin. The rate of reoxygenation of the haemoglobin with 2 1% oxygen (observed from the effect o n the deoxyhaemoglobin trace) was not as great as the rate of change observed with deoxygenation as the oxygen content was reduced from 100% oxygen to 100% nitrogen. The level of oxidized cytochrome uu3 also dropped with hypoxia and became reoxidized on administration of 2 1%1 oxygen.
C'orrcl1rsion
An important factor in the use of n.i.r.s. is quantification, i.e. being able to present the changes in the redox state of cytochrome uu3 and in the oxygenation level of haemoglobin in concentration changes rather than absorbance changes. N.i.r.s. can be used for the non-invasive real-time measurements in vivo of changes in the concentration of haemoglobin (oxy/deoxy) and of oxidized cytochrome uu3. The method can be used as a sensitive indicator of oxygenation changes even in the absence of hypoxia. increased in the presence of dibutyryl cyclic AMP and glucagon [ 1-31. In addition, there is evidence from studies in vitro that the activity of cholesterol 7a-hydroxylase. the ratelimiting enzyme in bile acid synthesis 14-61, may be modulated by a phosphorylation-dephosphorylation mechanism [7, XI. These findings suggest strongly that cyclic AMP may have a role in the regulation of bile acid synthesis. N o previous work, however. has examined the effect of cyclic AMP on bile acid synthesis in vivo.
In this study, we have investigated thc effect of dibutyryl cyclic AMP on bile acid synthesis in biliary-drained rats,
